• Effect of activation on adsorption was investigated • Parameter influence (pH, adsorbent amount, contact time, and temperature) was explored • Mechanisms of heavy metal ions removal explored by kinetic, thermodynamic and isotherm models • The results confirmed a high removal potential of the selected adsorbent for toxic metal ions
Contamination of ecosystems and aquatic sources is becoming more prevalent. Discharge of waste containing heavy metals, biological species, and pharmaceutical residues causes contaminations [1] [2] [3] . The situation aggravates in industrially heavy areas and agricultural fields [1, [3] [4] [5] [6] [7] [8] .
The metal ions, Cd , are important heavy metals in water systems and result in impacting human health. The toxic effects of cadmium on humans are critical, among them are high blood pressure, kidney damage, damage of testicular tissue and red blood vessels (RBC s ) [9] . Cobalt may cause serious health problems such as asthma, leading to the damage of the heart and its failure, may cause damage to the functioning of the thyroid gland and liver in humans and also causes genetic changes in living cells. Cobalt ionization radiation exposure is associated with increasing risk of developing cancer [9, 10] . Ingestion of excess zinc may result in acute gastrointestinal disturbances accompanied by nausea. Similarly, excess of zinc appears to hinder bone development in animals when calcium and phosphates are present in marginal amounts [11, 12] .
Therefore, a variety of remediation techniques have been developed to remove these heavy metal ions efficiently, including ion exchange, coagulationprecipitation, membrane filtration, reverse osmosis, adsorption, and so on. Among them, the adsorption technique, as one of the most promising strategies for the removal of metal ions, has received considerable interest due to its wide adaptability, easy handling, comparative low-cost, and the availability of different adsorbents [13] .
In recent years, a number of technologies have been developed to remove toxic metals from water and wastewater. The most important technologies include chemical precipitations, electro-flotation, ion exchange, reverse osmosis, and adsorptions on activated carbon [13] . These methods are not cost-effective. Sorption is widely used for the removal of heavy metals from wastewaters released by various sources in the environment. Sorption using biomass is an eco--friendly, simple, and economical separation process for the removal of heavy metals from wastewater [14, 15] . Owing to their range, cost-effectiveness, and eco-friendly characteristics, various types of agricultural waste have been widely applied for the removal of heavy metals and organic pollutants [16] .
Agricultural wastes are a numerous source for remarkable metal ion sorption, which have many avails for wastewater treatment, including free availability, easy technique and little processing requirements, high adsorption capacity, selectivity, low cost, and easy regeneration. This study describes the adsorption behavior of Cd 2+ , Co 2+ and Zn 2+ on agricultural waste orange tree leaves (OTL) and activated carbon prepared from orange tree leaves (ACOTL). The adsorption parameters were studied in batch mode. Different experimental conditions such as pH, adsorbent amount, contact time and temperature for the maximum removal of all the metal ions by both the (OTL) and (ACOTL) were investigated and optimized. Also, the manners and mechanisms of heavy metal ions removal are generally explored by kinetic and isotherm models and also thermodynamic parameters.
EXPERIMENTAL Chemical reagents and materials
In the Guilan region, north Iran, agricultural wastes are frequently produced and in most cases these wastes are burnt or added to the soil. Application of these residues can be useful in the decontamination of aquatic systems including agricultural, industrial and municipal wastewaters. Experiments were conducted with orange tree leaves collected from the Guilan province, in the north of Iran.
Analytical grade (Merck) zinc nitrate, cadmium nitrate, and cobalt nitrate were used for preparation of heavy metal ions solutions. The diluted nitric acid and sodium hydroxide solution used for pH adjustment were all ACS reagent grade and obtained from Merck (Darmstadt, Germany). Deionized water (DI-water) obtained from a Millipore continental water system (Bedford, MA, USA) was used throughout this study. Stock solutions were prepared from an appropriate amount of the nitrate salts of Co 2+ , Zn 2+ and Cd 2+ as 1000 mg L -1 solutions in DI-water. Standard solutions were prepared daily by dilution of the stock solutions.
Apparatus and characterization methods
Heavy metal analysis was carried out using an atomic absorption spectrophotometer (Agilent, AA--200, USA) under the conditions given by the manufacturer with air-acetylene flame. The pH values were adjusted by a digital pH meter (E-632, Metrohm, Herisau, Switzerland), supplied with a combined glass electrode.
Characterization of adsorbents
The orange leaves were cut off from the plant. The leaves were then washed with DI-water, and dried in a convection oven at 110 °C for 15 h. For the first type of absorbent, the dried leaves were crushed by a grinding machine and converted into powder. The activated adsorbent was prepared by burning of the leaf powder prepared as above at 260 °C in a furnace for 1 h. Figure 1 shows the XRD pattern of the samples, and Figure 2 shows the FT-IR spectrum of the adsorbents.
Figures show that many changes occur in the structure of the sorbents after activation. Figure 1 shows the XRD pattern of the samples, indicating strong peaks at 2θ 14.88 and 29.44° after (ACOTL) formation. The FT-IR spectrum (Figure 2) shows the absorption bands at 1633 cm −1 (C=C), and characteristic peaks at 3431 cm −1 for stretching vibrations of (O-H) and (C=O) of the carboxyl groups and 2850 cm -1 for stretching vibration of (C-H), the only difference being in the amplification of peaks at 873 and 783 cm −1 .
Batch studies
A stock solution with a 1000 mg L -1 concentration of metal ions was prepared. Then 100 mL aqueous solutions of Cd(II), Co(II) and Zn(II) ions with the initial concentrations of 100 mg L -1 (of each one) were prepared. Desired pH values in solution were adjusted by adding little volumes of NaOH or HNO 3 solutions. Suitable amount of the sorbent was then added to each solution. The solution was shaken at 600 rpm at a constant temperature. Then solution and adsorbent were separated by paper filter (filtration through a Whatman filter paper). The concentrations of ions in the solutions were determined using a flame atomic absorption spectrophotometer. The uptake percentage of metal ions was measured using the following equation:
The following equation was used to measure the sorption capacity of the biomass q e (mg g 
Adsorption isotherm
In order to measure and determine the parameters of three isotherms, Freundlich, Langmuir and Temkin models, equilibrium adsorption experiments were done in a batch mode. For this, 0.1 g (OTL) and, 0.07 g (ACOTL) and 100 mL of aqueous metal ions solutions with 25, 50, 100 and 200 mg L -1 (pH 7.0) were shaken in 250 mL Erlenmeyer flasks at 600 rpm and 25 °C for 30 min. The equilibrium amount of metal ion adsorbed per unit mass of adsorbent was calculated using Eq. (2).
Adsorption kinetics
The adsorption kinetic model of the present study was investigated in batch mode. For this, adsorbent and 100 mL of 100 mg L -1 metal ions solution were mixed. The pH, amount of adsorbent, and temperature were adjusted at 7.0, 0.1 g (OTL) and 0.07 g (ACOTL), and 25 °C, respectively. The flasks were shaken at 600 rpm at different contact times (5-120 min). Adsorption thermodynamics 100 mL of 100 mg L -1 aqueous metal ions solution at pH 7.0 mixed with 0.1 g (OTL) and 0.07 g (ACOTL) were shaken at 600 rpm at different temperatures (15-70 °C) for 30 min.
RESULTS AND DISCUSSION

Effect of pH
The pH of the aqueous solution is an important parameter for the adsorption of both anions and cations at the liquid-solid interface. The binding of metal ions with surface functional groups was strongly pH--dependent [17, 18] .
The effect of pH on the adsorption of Cd
2+
, Zn
and Co 2+ by (OTL) and (ACOTL) at room temperature was studied by varying the pH of solution from 3.0 to 7.0. The results are shown in Figure 3 .
As shown in Figure 3 , the pH pzc (pH at zero point of charge) of the OTL and ACOTL, was 6.8 and 6.1, respectively. It shows that the zeta potentials of the ACOTL are higher than amount of OTL. As a result, with increasing pH the amount of adsorption of metal ions increases, and this amount for ACOTL more than OTL. At low pH values, metal cations compete for binding sites on adsorbent surface which results in lower perception of metal ions. It has been suggested that at highly acidic conditions, the adsorbent surface would be closely associated with H 3 O + that restricts access to active sites by metal ions as a result of repulsive forces. It is to be expected that with the increase in pH values the adsorbent surface becomes negative, which results in the increase in attraction of positively charged metal ions. In addition, at higher pH, more than 7.0, the lower binding is attributed to reduced solubility of the metal ions and its precipitation. This discussion matched with other research results [1, [19] [20] [21] [22] .
Effect of contact time
In order to optimize contact time (equilibrium time), the sorption process was carried out at different shaking times (5, 10, 15, 20, 30 , 60, 120 min) by 0.1 g (OTL) and 0.07 g (ACOTL) added separately to 100 mL of 100 mg L -1 metal ions solution, (pH 7.0 at 25 °C). The removal percentages of metal ions by (OTL) and (ACOTL) as a function of contact time are illustrated in Figure 4 . The rate of sorption decreased over time and after equilibrium time the amount of sorption was constant. Initially in the sorption process there are many binding sites on the sorbent surface, so no competition occurs between metal ions on sorption sites, but over time, available sites for sorption of other ions become closed. Due to repulsive force between adsorbed ions on the sorbent surface and ions present in solution, more sorption of ions is difficult. Thus, the sorption rate decreased over time until it reached equilibrium.
Generally, the adsorption process of both the adsorbents for all the studied metal ions was fast, when compared to previous studies [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Accordingly, the optimum contact time was selected as 30 min, for all the subsequent studies with (OTL) and (ACOTL). Effect of amount and type of adsorbent Adsorbent dosage is an important parameter to determine the capacity of an adsorbent for a given initial concentration of the adsorbate [34] . Assays of adsorption by using different masses of adsorbent to adsorbate solution were performed in order to recognize the effect of adsorbent amount on metal ions removal.
As shown in Figure 5 , the maximum removal percentage of all the studied metal ions was obtained by using 0.1 g (OTL) and 0.07 g (ACOTL). At low adsorbent dosages, the absorbent surface became saturated with the cations and the residual metal ions concentrations in the solution were large. This may be imputed to two reasons: i) a large adsorbent value effectively reduces the unsaturation of the adsorption sites and the number of such sites per unit mass descend, resulting in respectively less adsorption at higher adsorbent dosage; ii) higher adsorbent dosage creates particle aggregation, resulting in a reduction in the total surface area and an increase in diffusional way length, both of which contribute to the decrease in the amount adsorbed per unit mass [33] [34] [35] [36] .
Effect of temperature
The effect of temperature on the adsorption of Cd 2+ , Zn 2+ and Co 2+ by (OTL) and (ACOTL) were studied by varying the temperature of the sample solution from 15.0 to 70.0 °C, while keeping the other parameters, such as pH and metal concentrations at a constant value. Figure 6 describes this effect and presents a comparison of the three metals, cadmium, zinc and cobalt.
It was observed that the medium temperature indicated a negative effect on adsorption of metal ions. Metal ion adsorption has decreased with increasing of the temperature. Metal ions adsorbed on the sorbent surface may be released into the aqueous solution because the saturation degree of solutions heated decreased due to desorption of metal cations from the sorbent surface. So, this case may occur from the increasing desorption tendency of adsorbate ions from the interface to solution with increasing temperature. The adsorption of metal cations was found to decrease with increasing temperature, indicating that metal adsorption on the adsorbent surface was favored at lower temperatures. The metal 
Competitive sorption of metal ions
The adsorption capacities of heavy metal ions by both the adsorbents in the mixed metal ions systems were examined and the results are shown in Figure 7 .
Obviously, under the optimized conditions, the adsorption capacities of both the orange tree leaf and activated orange tree leaf for the mixed metal ions system were lower than those obtained for the single system. The order of metal sorption in the competitive system by sorbents is shown. The ionic radius (Pauling) of metal ions are Cd (0.97 Å), Zn (0.74 Å) and Co (0.70 Å). All of the cations are divalent and the charge of metals cannot explain their trend in competitive sorption. This is due to the competitive adsorption of metal ions in the mixed mode system and their antagonistic effect, which decreases the realization of all the heavy metals form the solution. Furthermore, in the single metal ion system, ACOTL has higher sorption volumes for all the metal ions compared to orange tree leaf. The adsorption capacities of the adsorbents for mixed system decreased in order of Cd 2+ > Zn 2+ > Co
2+
, for orange tree leaf and for activated orange tree leaf. This is maybe due to a different electrostatic attraction between heavy metal ions and negatively charged adsorption sites, mainly related to the hydrated ionic radius of the studied heavy metals.
Adsorption isotherms
The term "isotherm" is used for the equilibrium curves in the case of adsorption. This isotherm is characteristic for a specific system at a particular temperature [38] . In the present study, to further understand the absorption mechanism for different ions, Table 1 .
The Langmuir isotherm obtains monolayer adsorption on the same surface with a limited number of adsorption sites [40, 41] . The Freundlich isotherm model describes the relevance among non-ideal and reversible adsorption. This model is feasible for adsorption on heterogeneous surfaces with the interaction between adsorbed molecules. The use of the Freundlich equation proposes that sorption energy exponentially decreases upon the completion of the sorption centers of the adsorbent [41] .
Based on Table 1 , it is evident that, for all three heavy metal ions, the control samples fit the Langmuir model better than the Freundlich and Temkin models, by comparing the correlation coefficients (R 2 ) values of models. The Langmuir model shows that the adsorbent has a limited number of binding sites, with all sites having the same binding power and the adsorption of each site is non-aligned to each other. As a result, monolayer complexation between heavy metal ions and the adsorption substrate is the dominant coverage in the untreated control sample.
A comparison of the maximum adsorption capacities of different adsorbents for Cd (II), Zn (II) and Co (II) ions removal was also reported in Table 2 .
Obviously, the adsorption capacity of ACOTL used in the present study is significant. In addition, ACOTL was more effective in the removal of Cd (II), Co (II) and Zn (II) ions than OTL. Therefore, ACOTL is considered to be a potential low-cost adsorbent for heavy metals removal from aqueous solutions.
Adsorption kinetics
In order to understand the adsorption kinetics of each heavy metal ion, a study under controlled time condition was performed. The kind of adsorption process depends on physiochemical characteristics of the adsorbent and system status, like temperature [42] . The linearized-integral forms of studied kinetic models are expressed as [43] [44] [45] q k t C ( 9 ) in pseudo-first-order and pseudo-second-order kinetic models, where q 1 and q 2 is the equilibrium heavy metal adsorption per unit weight of filter (mg/g), q t is the heavy metal adsorption at any time (t)(min) prior to equilibrium adsorption, and k 1 and k 2 are the adsorption rate constants [2] . In the intra-particle diffusion model, k i (mg g -1 min -1/2 ) is the diffusion rate coefficient and C i is the intercept and relates to the thickness of the boundary layer. The parameter values for each model were obtained from the respective linear plots of ln (q 1 -q 2 ) vs. t, t/q t vs. t, and q t vs. t 1/2 , respectively. The results along with R 2 values are listed in Table 3 .
The results clearly show that the pseudo-second order model correlated with the experimental data much better than the pseudo-first order and intraparticle diffusion model, since the simulated curves better fit to the experimental data; then, the secondorder kinetic model provided a good correlation for the adsorption of metal ions onto (OTL) and (ACOTL). Similar results have also been reported for heavy metal ions removal by the other adsorbents [21, 32, 33, [46] [47] [48] [49] .
Adsorption thermodynamics
Thermodynamic parameters, such as an enthalpy variation (ΔH 0 ), entropy variation (ΔS 0 ) and change in Gibbs free energy (ΔG 0 ), were calculated from the curve relating the distribution coefficient (K c ) as a function of temperature using the following equations:
where R is the ideal gas constant (8.314 J mol
T is the absolute temperature (K), and K c is the thermodynamic equilibrium constant defined by (q e /C e ). from Eq. (10) [50] . The values of the thermodynamic parameters for both the adsorbents are shown in Table 4 . Negative ΔH 0 values at different temperatures showed that the exothermic nature of the adsorption process, which was in good agreement with the results that the adsorption of metal ions, decreases with the increasing temperature. Negative ΔG 0 values indicated that the sorption of metal ions was feasible and spontaneous under the conditions applied, except, of course, for the removal of Co 2+ on OTL. The positive values of entropy indicated the increased randomness at the solid/solution interface, except for the removal of cobalt on OTL which has a negative value. Similar results were reported by some researchers [21, 33, 37, 51] . 
CONCLUSIONS
In the present study, the potential of the OTL and ACOTL as a perfect sorbent for removal of Cd(II), Zn(II) and Co(II) ions from water and wastewater was investigated. The parameters for adsorbents were studied and optimized. The adsorption process is a function of the pH, contact time, and the concentration of adsorbent. Optimum conditions for the removal of proposed metal ions (100 mL, 100 mg L -1 ) by OTL and ACOTL, contact time and amount of adsorbent were obtained (30 min and 0.1 g), and (30 min and 0.07 g), respectively, at pH 7.0 for OTL and ACOTL at 25 °C. Adsorption kinetic follows the pseudo-second order kinetic model. The adsorption isotherms were fitted by the Langmuir model. The results suggested that OTL and ACOTL were highly efficient for simultaneous adsorption of heavy metal ions with maximum capacities (q max ) for Cd(II), Zn(II) and Co(II) ions. Also, in thermodynamic studies, the adsorption process of all the metal ions was both exothermic and spontaneous. Indeed, OTL and ACOTL could be employed as an efficient and cost-effective sorbent for the removal of heavy metals from effluents. 
